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The photometric pararosaniline (pRA) method for 
determination of S(IV) has been adapted to flow injection 
sample processing (FIA). Prominent features of the 
method include a limit of detection of 0.010 ppm of 
dissolved sulfur dioxide and a sampling rate of 20 per 
hour. The concentration range investigated was 0.010 to 
0.200 ppm S0 2 • Sequential samples were collected from 
two rainstorms and so 2 concentrations were measured for 
19 samples·. The suppression of interference by Cr(III), 
Mn(II), and Fe(III) using 1,2-cyclohexylenedinitrilo-
tetraacetic acid (CDTA) and ethylenediaminetetraacetic 
acid (EDTA) was investigated. A comparison of the 
adapted FIA method and its parent manual method has shown 
the FIA method to have the advantages of increased sample 
throughput, decreased reagent consumption, and increased 
precision. 
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Understanding the nature and importance of the 
various chemical pathways that lead to acid generation 
within the troposphere is a definite prerequisite to the 
final control of acid rain. 1 The quantitative determina-
tion of the chemical species responsible for production 
of sulfuric and nitric acids will help in understanding 
tropospheric acid formation. The purpose of this project 
was to develop a Flow Injection Analysis (FIA) technique 
for the determination of dissolved S(IV) in rainwater. 
In FIA the sample is introduced into a flowing 
carrier stream as a plug via a valve or syringe. The 
carrier stream transports the sample plug and allows for 
introduction and mixing of various reagents as the sample 
progresses through the system. To allow for increased 
reaction time, a final reaction coil can be utilized 
before analyte concentration is measured by one or · 
several analytical detectors. The measured system 
response does not reach a steady state plateau but has 
the form of a peak because of the flowing nature of the 
sample through the system detector. The absence of air 
segmentation leads to a higher sample throughput since 
systems utilizing these air gaps may reach a steady 
2 
state, thus resulting in a broadened signal. The repro-
ducibility of system response in FIA is good and there is 
no sample carry-over, i.e., no sample remains in the 
system by virtue of the cleansing nature of the flowing 
reagent streams. Since there is no need to introduce and 
remove air bubbles, an expensive high-quality pump is not 
necessary. The FI apparatus can be easily assembled from 
existing standard laboratory materials and equipment or 
h d 1 
. 2,3 
pure ase as a comp ete unit. 
Although the measurement of dissolved S(IV) using 
FIA should be a useful analytical technique where ease of 
measurement and reproduction of . results are important, 
the majority of current determination methods employ 
4-12 
manual spectrophotometric methods. General charac-
teristics of some of the more widely used spectrophoto-
metric methods are summarized in Table I. Other methods 
include a fluorometric method using 1-Naphthlyammonium 
ion with a linear concentration range of 0.006-0.100 ppm 
so 2
13 
and a potentiometric method us~ng Hg(I)/Hg(II) 
electrodes with a linear concentration range of 0.080-
14 8.00 ppm S0
2
• The spectrophotometric determination of 
S(IV) using pararosaniline (pRA) is the method most 
. d 1 · 1 · d 4 - 7 WJ. e y UtJ. J.Ze • The pRA method was selected for 
adaptation into a FIA method because of its simplicity, 

















for S(IV) Determination 
Linear 
Path Cone 
Length Length Range 
(nm) (cm) (ppm) Interferences 
580 1.0 0.20-1.0 Mn( II) 
580 1.0 0.02-1.0 Mn( II) 
580 5.0 0.01-0.5 Mn( II), H202 
. 560 1.0 0.50-2.0 N(IV) 
420 1.0 0.64-3.2 Hg(II) 
420 1.0 0.64-3.2 Hg(II) 
675 0.8 0-40 Nitrate, sulfide 
324 1.0 0.20-4.0 Thiols, cyanide 
412 1.0 0.50-6.0 Thiols, cyanide 
237 1.0 1.00-8.0 
530 1.0 2-10 Sulfide 
a 















chemicals and equipment necessary for application of the 
method. 
The pRA method utilizes a buffered formaldehyde 
solution to stabilize dissolved S(IV) as hydroxymethane 
sulfonic acid. Bisulfite, liberated from the compound by 
base, is added to acidic pRA for color development based 
on the Schiff reaction, which produces a chromophore with 
an absorbance maximum at 580 nm.
5 
A general reaction pathway which leads to the para-
1 b d h h b 1 5,15,16 Th rosana ine ase c romop ore is given e ow. e 
reaction of dissolved S(IV) as so 2 , HS0 3 , or H2so 3 with 
formaldehyde 
STEP 1 
and subsequent reaction of the above product in basic 
solution releases the bisulfite ion. 
STEP 2 
Aqueous formation of a sulfonic acid occurs to give the 
possible reaction product for the combination of 
bisulfite, HCHO, and the acidified pRA anilinium salt. 
STEP 3 
+ -
(H 3 N Ph) 3 CC1 + 3HCHO + 3HS0 3 ~ 
(H0 3 SH 2CHNPh) 2C=(C 6H4 )=NCH 2S03 H + 3H20 + HCl 
EXPERIMENTAL 
Apparatus 
The Flow Injection (FI) system manifold which 
provided optimum performance was assembled using the 
configuration shown in Figure 1. Teflon tubing (.034" 


















Figure 1. Components of flow injection system for S(IV) 
determination: A and B are 0.2 m mixing coils, 
C is a 7.0 m reaction coil. 
Short sections of Tygon tubing were passed through the 
platen/roller system of a Buchler 2-6100 polystaltic pump 
which provided constant flow. Alternatively a Technicon 
proportioning pump was used. Manifold connections 
involving the Teflon components were made using 1/16" 
5 
nylon tube end fittings with appropriate flaring of the 
Teflon tubing ends. Connection of the Tygon tubing to 
the Teflon manifold was accomplished by inserting the 
smaller diameter Teflon tubing inside the Tygon tubing. 
Samples were injected manually using a Rheodyne type 50 
Teflon rotary valve with a 1.1 mL sample loop. 
Absorbance measurements were made at 580 nm with a 
Perkin-Elmer 552 spectrophotometer equipped with a 5 cm 
flow through cell constructed from a clear plexiglas 
block with 3/32" bore which yielded a internal volume of 
0.225 mL (Figure 2). Absorbance outputs were recorded 
using a Perkin-Elmer Hitachi Model 57 X-Y recorder. 
Quantification was accomplished from peak height 
measurements. 
The FI manifold was connected to the intake tube of 
the flow through cell with a "Tefzel tube connector." A 
short piece of Tygon tubing in an inverted U-position at 
the flow cell was necessary to serve as a bubble trap. 
Materials 
All solutions were prepared using reagent grade 
chemicals and deionized water which was obtained from a 
Culligan SR polishing system (Culligan). 
6 
Pararosaniline hydrochloride (pRA: p,p',p"-Triamino-
triphenylmethane) molecular weight 323.8 was used as 













Figure 2. Flow cell design: (a) top plate; (o) flow 
cell body; (c) base plate; (d) retaining bolts; (e) 0-
ring; (f) spring; (g) lateral adjustment; (h) vertical 




which gave highest sensitivity was prepared as follows. 
0.502 g of pRA was dissolved in a solution containing 217 
mL concentrated HCl and 200 mL of deionized water. This 
solution was allowed to stand for a minimum of 24 hours 
to ensure that the pRA was completely dissolved. Final 
dilution with deionized water was to 1.000 L. This 
reagent is stable for several months at room temperature 
when stored in glass or polypropylene bottles.
17 
Buffered formaldehyde absorber (BFA) was prepared by 
dissolving and diluting formaldehyde solution (37%, 2.34 
mL), potassium hydrogen phthalate (KHP, 0.903 g) and 
trans-1,2-Diaminocyclohexane-N,N,N',N'-tetraacetic acid 
hydrate (CDTA, 98%, 0.153g) to 1.000 L. The molar 
concentration of ethylenediaminetetraacetic acid 
disodium salt dihydrate (EDTA, 0.170g/L) used in the 
metal interference studies was the same as for the CDTA 
solution described previously. This reagent must be 
prepared one day before use or degassed prior to use. 
The 1.4 M sodium hydroxide reagent was prepared from the 
appropriate dilution of a more highly concentrated 
solution that had been standardized versus KHP. 
Optimization of the above reagent concentrations was 
performed by adjustment of concentration levels reported 
previously for the manual method to accomodate character-
s 
istics of the flow injection manifold. The concentra-
tions of the individual components of the adjusted FI 
reagents were increased and decreased by 15% so as to 
find the optimum value for each one. The reagent 
concentration that gave the greatest ~A for a series of 
so2 standards was chosen as the optimum concentration. 
The S(IV) standards were prepared from a 1000 ppm 
S0 2 solution by appropriate dilution using Eppendorf 
pipettes. These standards were stabilized with 1% BFA 
(v/v).18 
Metal interference samples of Mn(II), Fe(III), and 
Cr(III) were prepared from a 1000 ppm stock solution of 
the respective metal ion with concurrent addition of 
S(IV) using Eppendorf pipettes. 
Procedure for Collection of Rain Samples and FI 
Determination of S(IV) 
9 
Rain samples were collected on the roof of the 
University of Central Florida Chemistry Building. A 265 
mm diameter nalgene funnel was attached to a support 
stand which positioned the top of the funnel 1.5 m above 
the roof. Tygon tubing (1.5 m, 3/32" i.d.) connected the 
funnel to Teflon tubing (9.5 m, 1/8" i.d.) leading to a 
third floor laboratory. Tygon tubing ( 1. 5 m, 3/32" i. d.) 
was used to connect the Teflon tubing from the roof to a 
short piece of black or yellow latex rubber tubing (10 
cm, 1/4" i. d. ' 1/10" wall) used for pumping within an 
10 
I.L. Dilutor Model 144 pump which delivered sample from 
the collection funnel to the laboratory. Tygon tubing 
(1.2 m, 3/32" i.d.) was used to connect the pump to a 
fraction collector (Figure 3). The time delay for 
movement of sample between the roof and the fraction 
collector was approximately one minute. The pumping rate 
was approximately 100 mL/min. Sequential samples were 
collected over a timed interval sufficient to provide 30 
to 60 mL of rain water. The sample volume was determined 
gravimetrically assuming a rainwater sample density of 
1.0 g/mL. 
Samples were introduced to the FI system using the 
rotary injection valve. Two mL of rainwater were drawn 
through the valve to ensure 
of the 1.1 mL sample loop. 
complete purging and loading 
A sample could be injected 
into the carrier stream every 200 seconds. This amount 
of time is necessary to allow the previous sample plug to 
completely pass from the injection loop into the 
manifold. Samples could merge within the FI manifold if 
sufficient time was not allowed between injections. 
The sample, once injected into the water carrier stream, 
mixes with BFA at coil A then mixes with NaOH in coil B 
then mixes with the acidic pRA solution in coil C 
(Figure 1). 




3/32 11 i.d.---i.1 
Tygon tubing 
1.5 m 
3/32 11 i.d. 
Tygon tubing 
0.1 m 
1/4 11 i .d. 
pump 
9.5 m 
l/8 11 i. d. 
Teflon tubing 
1.2 m 
3/32 11 i.d. 
Tygon tubing 
Latex rubber tubing fractional collector 
Figure 3. Rainwater collection system. 
11 
12 
The peak height which corresponds to sample 
absorbance is measured after compensation for the reagent 
baseline absorbance . The observed reagent baseline is 
the result of reagent background absorbance in the 
absence of S(IV). Variation in reagent mixing or change 
in flow cell temperature with time is typically observed 
as a drifting baseline. The maximum peak height was used 
to calculate a change in absorbance due to the presence 
of S(IV) for each sample. Results from the present study 
have shown non-linearity but other work performed with 
4-12 
pRA has implied a linear range. A FI calibration 
curve generated from standards was used to determine the 
concentration of S(IV) in rainwater samples. A typical 
calibration curve is shown in Figure 4. A continuous FI 
profile of S(IV) system absorbance peaks is shown in 
Figure 5. 
Stock S(IV) (1000 ppm as S0 2 ) solutions were 
prepared daily from anhydrous Na 2so 3 (1.9675g/L) to 
minimize error from rapid oxidation of sulfite ion in 
solution. Standards were prepared by appropriate 
dilution of the 1000 ppm so 2 stock solution. Calibration 
curves were typically prepared to cover the range 0.010 
to 0.200 ppm so 2 • This range was chosen based on 













0.040 0.080 0.120 0.160 0.200 
so2, ppm 
Figure 4. Flow injection calibration curve for S(IV) 
as so2. 
13 










Figure 5. Continuous flow injection profile for S(IV). 
Concentrations are 0.250, 0.200, 0.100, 0.075, and 0.050 
ppm so2 (a-e respectively). 
14 
DISCUSSION OF RESULTS 
Optimization of Flow Injection System 
The initial reagent concentrations for the FI system 
were selected to provide the same final concentrations in 
the FI manifold as in a previously used manual spectro-
photometric method. 5 Optimized concentrations were 
determined by variation of each reagent's major component 
by ±15% from values adapted from the pRA manual method 
(Figures 6-8). These studies showed that direct adapta-
tion of manual method concentrations produced optimum FI 
response. 
The physical effects of sample volume, reaction coil 
length, and reaction coil temperature on FI system 
response are shown in Figures 9-11. The volume of sample 
injected into the manifold · is important since this "plug" 
disperses as it moves through the manifold thus diluting 
3 the sample and reducing the system response. Optimum 
sample volume was found to be 1.1 mL as shown by data 
presented in Figure 9. This volume results in a system 
dispersion (D) of 1.11. Dispersion is defined as D = 
o max o . · 
C /C where C is the the continuous absorbance signal 
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Figure 9. Effect of sample loop volume on flow injection 
system response. -0- 0.200 ppm S0 2 ; + 0.100 ppm so 2 . 
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0.050 0.100 0.150 0.200 
so2, ppm 
Figure 10. Effect of reaction coil length on flow 












10 20 30 40 50 60 
Temperature, 0 c 
Figure 11. Effect of reaction coil temperature on flow 
injection system response. Data are for 0.200 ppm S0 2 • 
21 
22 
d Cmax . h an is t e peak absorbance maximum signal in the FI 
3 
mode. When the sample volume was increased above 1.1 
mL, the increase in FI response was minimal compared to 
the increased peak breading which significantly reduced 
sample throughput. The data presented in Figure 10 show 
that system response increases with increasing length of 
the reaction coil. This phenomenon stemmed from the 
increased chromophore concentration in the flow cell by 
way of a more complete reaction. The increase in system 
response occurred up to a reaction coil length of 7 m. 
Above this length, axial dispersion caused spreading of 
the sample plug in the FI manifold and resulted in a 
broadened peak. This peak broadening had a greater 
negative effect on the system response than did the 
increased reaction completeness at coil lengths greater 
than 7 m. The 7 m reaction coil was found to be the best 
compromise between complete chromophore formation and 
axial dispersion of the sample plug. The effect of 
reaction coil temperature on FI system response is shown 
in Figure 11. It is apparent that more than one variable 
is controlling the reaction and resulting system 
response. Multiple chromophore formations due to a 
change in temperature could have caused the unique system 
response observed in Figure 11. Ambient room temperature 
(26 °c) was chosen as the optimum temperature of the 
23 
reaction coil. This reaction coil temperature was chosen 
because of the increased system response and greater 
baseline stability associated with it. 
The results for determination of S(IV) in rainwater 
samples treated to contain S(IV) using the FI and manual 
methods are presented in Table II and Table III 
respectively. The data presented in Figure 12 compares 
calibration curves for the FI and manual pRA methods.
5 
The data presented in Table IV and Table V give an idea 
of method precision for the FI and manual methods 
respectively. The absorbance of the sample was found to 
be directly related to the cell path length. Once cell 
path length differences have been accounted for, i.e., 
use of a 1 cm cell for the manual method and use of a 5 
cm cell for the FI method, the FI method achieved 
approximately 50% of the manual method's sensitivity to 
S(IV). 
5 
This is not unexpected, since the amount of time 
for the reaction to be complete for the manual method is 
10 minutes compared with the 2.5 minutes allowed in the 
FI method. A manifold length that would accomodate such 
a reaction time would introduce several problems such as 
a large back pressure on the pump, increased axial 
dispersion of the sample plug, and most importantly an 
increase in sampling time. 
The shape of the FI calibration curve for S(IV) in 
24 
Table II 
Flow injection determination of S(IV) in 




so 2 so 2 so2 Sample cone 4 added found % ID pH (eq/L) (ppm) (ppm) (ppm) recovery 
091885 5.23 47 2.51 0.014 
0.010 0.004 40 
0.040 0.022 55 
0.100 0.069 69 
093085 4.32 106 2.51 0.014 
0.010 0.004 40 
0.040 0.022 55 
0.100 0.063 63 
100785 4.50 53 1. 29 0.014 
0.020 0.007 35 
0.050 0.032 64 
0.200 0.151 76 
110185 4.80 140 1.82 0.014 
0.010 0.004 40 
0.040 0.022 55 
0.100 0.069 69 
112185 5.21 178 0.96 0.014 
0.020 0.007 35 
0.050 0.25 50 . 
0.200 0.153 76 
121485 4.94 18 0.34 0.014 
0.020 0.007 35 
0.050 0.025 50 
0.200 0.151 76 
25 
Table III 
Manual method determination of S(IV) in 
prepared rainwater background samples 
total 
ion 
so 2- so2 so2 S02 Sample cone 
4 
added found % 
ID pH (eq/L) (ppm) (ppm) (ppm) recovery 
091885 5.23 47 2.51 0.020 
0.010 0.000 0 
0.040 0.022 55 
0.100 0.058 58 
093085 4.32 106 2.51 0.027 
0.010 -0.023 -230 
0.040 -0.007 -18 
0.100 0.071 71 
100785 4.50 53 1.29 0.020 
0.020 0.000 0 
0.050 0.007 14 
0.200 0.150 75 
110185 4.80 140 1. 82 0.020 
0.010 0.000 0 
0.040 0.007 18 
0.100 0.078 78 
112185 5.21 178 0.96 0.004 
0.020 0.008 40 
0.050 0.023 46 
0.200 0.194 97 
121485 4.94 18 0.34 0.012 
0.020 -0.008 -40 
0.050 0.023 30 















0.04 • o FI 





Figure 12. Comparison of flow injection method and 
manual pRA method calibration curves for determination of 
S(IV). (ti A scale is multiplied by a factor of 2.5 for 
the manual method) • . 
27 
Table IV 




l1A l1A Standard Standard 
(ppm) trials Range Mean Deviation Deviation 
0.200 4 0.075- 0.076 0.00096 1. 3 
0.077 
0.050 4 0.011- 0.012 0.00096 8.0 
0.013 
Table v 
Manual method precision 
Relative 
so 2 l1A 1:1A Standard Standard 
(ppm) Trials Range Mean Deviation Deviation 
0.200 4 0.026- 0.028 0.0013 4.6 
0.029 
0.050 4 0.003- 0.004 0.0017 42. 
0.006 
this study exhibits a slight upward curvature (Figure 4 
and Figure 12). A limit of detection (LD) was calculated 
based on an absorbance signal that is three times greater 
than system generated baseline noise where this noise is 
measured from short-term variation in absorbance of the 
system reagents with no S(IV) present. A 0.010 ppm S02 
LD was calculated for the FI system. 
28 
Evaluation of Metal Ion Interferences 
Analysis of standard S(IV) solutions spiked with 
three different metal ions (Cr(III), Mn(II), and Fe(III)) 
were performed with a BFA reagent containing either CDTA, 
EDTA, or no complexing agent. Fe(III) and Mn(II), 
compared to other metal ions, are typically present in 
the highest environmental concentration and are 
considered very active catalysts for tropospheric S(IV) 
oxidation.
20 
The absorbance values for aqueous S(IV) 
standards which contain Cr(III) are presented in Figure 
13. The presence of Cr(III) at concentrations up to 
0.020 ppm caused no observable change in system response, 
however above 0.020 ppm a slight decrease in system 
response was observed. The absorbance values for aqueous 
S(IV) standards which contain Fe(III) are presented in 
Figure 14. The presence of Fe(III) at concentrations 
0.005 ppm or above cause a significant decrease in system 
response even when CDTA or EDTA are present in the BFA 
reagent. This decrease in response may be due to Fe(III) 
catalyzed oxidation of S(IV) or the acidity of the final 
reaction mixture which may cause the CDTA or EDTA to be 
. ff . 21 ine ective. The absorbance values for aqueous S(IV) 
standards which contain Mn(II) are presented in Figure 
15. The presence of Mn(II) ·at concentrations of 0.010 
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Figure 13. Effect of Cr(III) interference on flow 
injection system response. -0- 0.200, o@o 0.100, and + o.oso 
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Figure 14. Effect of Fe(III) interference on flow 
injection system response. ~ 0.200, -e- 0.100, and • 0.050 
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Figure 15. Effect of Mn(II) interference on flow 
injection system response. -<r 0.200, ~ 0.100, and + . 0.050 
ppm so 2 • 
response when CDTA or EDTA was present in the BFA 
reagent. The addition of CDTA to the BFA reagent, 
compared to the addition of EDTA, increased the system 
response in the presence of Mn(II) at concentrations 
above 0.020 ppm. When the BFA reagent contained neither 
CDTA or EDTA, the presence of Mn(II) at concentrations 
above 0.005 ppm caused a considerable decrease in system 
response. 
Determination of S(IV) in Rainwater 
32 
The results for the determination of S(IV) in 
several samples collected during two rainstorms are 
presented in Table VI and Table VII. These results 
include the evolved time of sampling from the beginning 
of each storm, rainfall rate, pH, sulfate (ppm), and 
S(IV) as S0 2 (ppm). These data are presented to simply 
characterize sample composition, show feasibility for 
making so2 measurements in rainwater, and to determine if 
measurable amounts of so2 were present in rainwater 
collected in central Florida. These results illustrate 




Determination of S(IV) and other measured parameters 
for rainstorm (SQ-53) 
Elapsed Rate of 
so 2 -
S(IV) as 
Sample Time Rainfall so 
ID (min) (mm/hr) pH (p~m) (pp~) 
53-1 47 0.5 4.39 3.68 0.110 
53-2 49 31. 9 4.66 1.54 0.069 
53-3 53 14.3 4.68 0.93 0.072 
53-4 57 14.0 4.70 0.99 0.066 
53-5 65 8.0 4.52 1.49 0.080 
53-6 68 20.9 4.57 1.34 0.078 
53-7 69 60.4 4.71 1.00 
53-8 71 49.8 4.73 0.71 0.072 
53-9 72 74.7 4.86 0.46 
53-10 73 65.9 4.84 0.55 0.045 
53-11 74 50.6 4.98 0.38 
53-12 75 55.0 5.02 0.55 0.042 
53-13 76 43.2 4.86 0.63 
53-14 78 34.4 4.90 0.46 0.045 
53-15 80 31. 9 5.03 0.36 
53-16 82 25.0 5.18 0.23 0.038 
53-17 84 31. 9 5.10 0.24 
53-18 87 26.0 5.15 0.19 0.038 
53-19 89 28.0 5.27 0.18 
53-20 99 6.5 5.11 0.11 0.066 
53-21 133 1.3 4.94 0.24 0.110 
Table VII 
Determination of S(IV) and other measured parameters 
for rainstorm (SQ-56). 
Elapsed Rate of 
so 2-
S(IV) as 
Sample Time Rainfall 4 S02 
ID (min) (mm/hr) pH (ppm) (ppm) 
56-1 4 18.4 4.29 4.13 0.090 
56-2 6 42.6 4.38 2.12 0.043 
56-3 9 17.6 4.31 2.17 0.082 
56-4 15 6.8 4.27 2.00 0.097 
56-5 49 1.3 3.99 3.50 0.168 
CONCLUSIONS 
The application of a FIA method based on the 
reaction of S(IV) with pRA has been shown to be 
successful to the extent that no additional problems 
beyond those present in the manual pRA method for 
determination of S(IV) in rainwater have been 
encountered.
5 
The sample throughput rate was comparable to a 
similar pRA method using continuous air segmented flow 
1 . 6 ana ys1s. Since sensitivity to S(IV) was favored over 
increased sample throughput, a relatively large sample 
volume was used thus causing peak broadening. An advan-
tage of the FIA system is decreased reagent consumption 
per sample which is approximately 1/3 of that required 
for the manual pRA method. Precision for the FI method 
is approximately four times better than that of the 
manual method. The convenience of the semi-automated 
procedure is very evident when the manual method is run 
in comparison to the FI method.
5 
Overall, the FI method 
has all the advantages of automation and minimizes 
manipulative errors associated with the m~nual· pRA 
method. 
34 
The interference due to certain metal ions in 
rainwater caused a problem that has not been completely 
resolved. The suppression of signal is possibly due to 
metal ion catalyzed oxidation of S(IV). The low results 
shown in Figures 13-15 could have stemmed from the loss 
of S(IV) in the presence of metal ions. The use of CDTA 
or EDTA did not adequately suppress the interference due 
to Fe(III). Suppression of Mn(II) interference was best 
when BFA contained CDTA rather than EDTA. 
35 
An attempt was made to evaluate accuracy of both the 
5 
FI and manual pRA methods. The limited success of this 
attempt can be seen for the results from the spike 
recovery studies presented in Table II and Table III 
where a possible loss of so2 after initial sample makeup 
could explain the poor results. The negative effect of 
the interference on measured S(IV) concentration can be 
minimized if standards are prepared in the presence of 
the same interfering species as in rain, however prior 
knowledge of interference concentrations is necessary. 
An alternative approach is to use the standard addition 
method which would minimize interference but not reduce 
so2 loss. 
RECOMMENDATIONS 
Further studies of the developed pRA FI system could 
include many topics. Integration to determine sample 
peak areas instead of measured peak height could be used 
to evaluate calibration curve linearity. A more thorough 
study of reaction kinetics and mechanism would help gain 
knowledge about the overall pRA method reaction pathway. 
The stability of so 2 in solution is an important concern 
and could be further studied. Also, an evaluation of the 
rate of catalytic S(IV) oxidation in rainwater in the 
presence of various metals present in precipitation could 
be studied. A real-time determination of S(IV) using a 
continuous stream of rainwater is not feasible until 
these interferences are controlled. Conversion of other 
methods into FIA systems, e.g., the use of DTNB, could 
possibly produce a more accurate FI method for the 
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